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Test Conditions
The NTF enables testing across a wide range of Reynolds numbers from that available in conventional wind tunnels to near flight conditions at subsonic and transonic The goals of assessing Reynolds number scale effects and extrapolating to flight conditions required a series of intermediate conditions to better identify the trends. As seen in figure 2 , the desired Reynolds number range could not be covered using a constant total pressure (dynamic pressure). However, the independent control of total pressure, total temperature, and fan speed in the NTF allow the isolation of viscous (Reynolds number) effects, static aeroelastic (dynamic pressure) effects, and compressibility (Mach) effects. Several conditions are used to isolate static aeroelastic effects from the viscous effects for Mach 0.30 and 0.90 as shown in figure 2 . During
Reynolds number sweeps, the ratio of dynamic pressure (q) to the model material modulus of elasticity (E) is held constant. This is done to maintain a constant static aeroelastic state (q/E) due to the variability of the model material modulus of elasticity 
Boundary-Layer Transition
Boundary-layer transition on the wing was allowed to occur naturally, in general, to observe transition effects over the complete Reynolds number range. Limited data was acquired with a forced transition pattern on the wing at low Reynolds number test conditions. The wing boundary-layer tripping pattern consisted of 0.125 inches wide carborundum grit strips that were placed on both the upper and lower wing surfaces.
These grit strips were locally parallel to the wing leading edge and were placed 0.625 inches (measured stream-wise) downstream of the wing leading edge. Transition was consistently fixed on the forebody with a ring of carborundum grit located 1.5 inches from the nose, and on the nacelle internal surface to facilitate the internal nacelle drag correction; this approach was applied at all test conditions. All trips were sized and located based on the criteria of reference 19. Figure 3 shows representative data for the baseline, take-off, and transonic cruise configurations at low and high Reynolds numbers, and is provided to indicate the general, longitudinal aerodynamic characteristics of the wing/body configuration. The
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Proposed Journal of Aircraft Paper Journal_01_Final.doc data presented in figure 3 include the combined effects of different flap configurations, static aeroelastic deformation, and Reynolds number. The discussion of the results will address static aeroelastic effects and the adjustments to isolate the Reynolds number (viscous) effects for a given configuration. In these discussions, the angles of attack chosen correspond to take-off (α = 9 degrees), transonic cruise (α = 5 degrees), and minimum drag (α = 1.1 degrees) conditions. 
Experimental Uncertainty

Static Aeroelastic Effects
Achieving high Reynolds number conditions approaching those that are characteristic of flight requires the manipulation of both the total temperature and pressure, as seen in figure 2 . As a result, the static aeroelastic deformation of the model, in particular the wing, under load must be considered when attempting to isolate Reynolds number effects. Previous reports for high aspect ratio subsonic transport configurations have shown the static aeroelastic effects to be on the order of Reynolds number effects, and sometimes opposite in sense to that of Reynolds number trends, thus masking the Reynolds number effects. 21, 22 Like the subsonic transport configurations, the current low aspect ratio supersonic transport model is flexible under load, most notably on the thin outboard wing panels.
Video model deformation measurements of the wing under load were concentrated on the outboard wing panel. These measurements indicated that as the aerodynamic load on the wing increased, the outboard wing panel experienced increased washout, similar to that observed on the higher aspect ratio subsonic transports. This type of wing bending occurs because the local lifting center of pressure is located behind the elastic axis of the wing, which produces a local nose-down torsional moment at each outboard wing section. For the transonic data, the lift-curve-slope decreased by approximately 2.5% at α = 5 degrees for each configuration over the dynamic pressure range examined.
Additionally, the longitudinal stability decreased as the neutral point moved forward by 0.6% and 0.1% of the mean aerodynamic chord at α = 5 degrees for the baseline and transonic cruise configurations, respectively.
The data presented in figure 5 are typical of the increments used to adjust data to Proposed Journal of Aircraft Paper Journal_01_Final.doc a constant dynamic pressure to essentially remove static aeroelastic effects from the analysis of Reynolds number effects. The fundamental assumptions in establishing the adjustment increments are: 1) the force and moment variation with dynamic pressure is linear, like the wing twist change, and 2) the sensitivity to dynamic pressure defined at one Reynolds number is valid at other Reynolds numbers. Studies on subsonic transports, and analysis of static aeroelastic sensitivity at other Reynolds numbers for this model support these assumptions. As applied in this paper, force and moment coefficient data were adjusted to nominal dynamic pressures of 1000 psf for the transonic configurations and 270 psf for the take-off configuration. Ideally, an adjustment would be made to shift the coefficient data to the wind-off condition (q = 0 psf) to obtain results for the rigid, non-deformed model shape most frequently used in computational simulations. However, the extrapolation to reach the wind-off shape condition introduces additional uncertainty and was not applied herein.
Adjustments for static aeroelastic effects were not applied to any of the wing pressure data presented in this paper. The effect on the wing pressure data was not significant because most of the pressure ports were inboard of the wing leading-edge break (η = 0.522), where model deformation was minimal.
Reynolds Number Effects
The primary Reynolds number effects observed for both the take-off and the transonic cruise configurations included skin friction drag reduction and delay of wing leading-edge flow separation onset as the Reynolds number increased. For the Proposed Journal of Aircraft Paper Journal_01_Final.doc transonic configurations, an increase in longitudinal stability with increasing Reynolds number was also observed. The following discussion will examine the Reynolds number trends for the longitudinal force and moment coefficients (adjusted for static aeroelastic effects) for the take-off and transonic configurations at specific angles of attack.
Low Speed, High-Lift Conditions
The Reynolds number effects near the take-off condition are presented in figure   6 for the take-off configuration. In general, drag decreases as the Reynolds number increases, and is accounted for by the theoretical trend of skin friction reduction with Reynolds number. Theoretical skin friction drag for the configuration was calculated with equivalent flat plate theory, plus form factors, using the Blasius and Karman-Schoenherr incompressible skin friction correlations for laminar and turbulent boundary layers, respectively, with compressibility effects accounted for with a reference temperature method. 23 As applied herein, the flat-plate theory assumed that the same extent of laminar flow was present on both the upper and lower outboard wing surfaces and that fully turbulent flow existed on both upper and lower surfaces of the inboard wing. All theoretical data was adjusted by a constant increment such that the fully turbulent theoretical curve was anchored to the experimental data at a high Reynolds number condition.
There were two distinct groupings of the measured drag data. One group of data includes Reynolds numbers of 30 million and below (except for the q = 430 psf data at
Proposed Journal of Aircraft Paper Journal_01_Final.doc Rn = 21.6 million). The second group contains all higher Reynolds number data and the q = 430 psf data at Rn = 21.6 million. The higher Reynolds number group is associated with an increase in the drag level, like a small bias (about 10 counts), over that of the lower Reynolds number grouping. The bias is illustrated in figure 6 by the increment between the two fully turbulent theoretical curves each anchored by the highest Reynolds number data (fully turbulent) within each data grouping. This drag level increase is attributed primarily to an inward movement of the leading-edge separation at a given angle of attack, which produces a vortex lift effect causing a small force and moment level increment. A sketch illustrating the leading-edge separation movement for this biasing effect is shown in figure 7 , as compared to the outward movement associated with increasing Reynolds number. Within each of these two groupings shown in figure 6 , the drag trend with Reynolds number closely follows the classic trends of skin friction with Reynolds number. This is a Reynolds number effect and it is caused by the reduction in skin friction drag as the Reynolds number increases.
In an attempt to understand the 10 count biasing effect observed in the drag data, an analysis of the wing attachment-line boundary layer was performed using representative inboard leading-edge radii at test conditions that span the overlapping regions of the two data groupings. This first order analysis modeled the wing leading edge as a swept circular cylinder to calculate the attachment-line Reynolds number edge radius is also shown in figure 8 as the designed leading-edge radius decreases as η increases from 0.25 to 0.52. Therefore, some mechanism that produces a smaller effective inboard leading-edge radius is believed to cause this unknown biasing effect.
A possible mechanism for creating this effective geometric change will be discussed later when the wing middle inboard leading-edge pressures are examined.
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The lift trend with Reynolds number near the take-off condition shows that the lift increases slightly over the range of Reynolds numbers tested. The biasing effect observed in the drag data is not evident in the lift data. This may be caused by either the lift measurement being somewhat less sensitive than the drag measurement or, more likely, the lift distribution on the wing changing with the biasing mechanism such that the net lift remains relatively constant. The overall increase in lift across the Reynolds numbers range is primarily attributed to an improvement in the lift on the outboard wing panels as the leading-edge separation moves outward as illustrated in figure 7 . This improvement comes from the increased effectiveness of the outboard wing/flaps camber caused by the delay of the flow separation onset on the inboard wing leading edge. The outward movement of the leading-edge separation with increasing
Reynolds number is the same Reynolds number effect as that described for a 65° delta wing. 25, 26 Note that the inboard leading-edge radius for the supersonic transport model would compare to the medium to large leading-edge bluntness configurations discussed in the 65° delta wing study.
The pitching moment trends with Reynolds number are also presented in figure   6 . As observed in the drag data, the two distinct data groups are also present in the pitching moment data. Within each of these groups, the trend with Reynolds number increase is to develop a more nose-down pitching moment. This nose-down character comes from the outward movement of the inboard leading edge separation, which shifts the center of pressure further behind the moment reference center. This is the same Proposed Journal of Aircraft Paper Journal_01_Final.doc
Reynolds number effect as discussed above for the lift trend (see figure 7 ). The noseup level shift between the two data groupings is consistent with an inward movement of the inboard leading edge separation at a given angle of attack, which is caused by the bias effect illustrated in figure 7 .
For reference, the pitching-moment coefficients can be related to the effects of stabilizer deflection. This relationship is presented to give a perspective on the significance of the Reynolds number effect on the pitching-moment coefficient. The stabilizer effectiveness for the full configuration with a tail (when closed aftbody and horizontal tails are present) is approximately a 0.005 change in pitching-moment coefficient for one degree of stabilizer deflection; one major division represents roughly 0.10 degrees of stabilizer deflection to compensate for the pitching moment change. For the take-off configuration, the Reynolds number effect presented in figure 6 is on the order of a 0.4 degrees stabilizer change to balance the additional nose-down pitching moment that develops with the Reynolds number increase.
Since the force and moment data for the high-lift configurations show a fundamental shift in drag and pitching moment levels between two distinct data groupings, two wing pressures are shown to illustrate the consistency in the patterns discussed above. Note that this fundamental shift was not observed in any of the data obtained for any of the transonic configurations.
Typical pressures on or near the wing leading edge as a function of angle of attack are shown in figure 9 for the take-off configuration. The pressure coefficient at η
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Journal_01_Final.doc This observed difference between the pressure and force and moment data for this one test condition occurs because the pressure data was obtained early in the test and then the pressure tubing was removed to conduct the force and moment testing alone at similar test conditions. So, the mechanism causing this biasing effect was not always
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An interesting correlation to tunnel temperature appears that follows these two pressure data groupings. This correlation also is generally true for the force and moment data except for the one test condition mentioned above. The tunnel temperatures associated with the conditions for premature leading-edge separation were -90 degrees Fahrenheit and colder. Although not directly observed, the correlation of this grouping behavior with this temperature range is potentially an indication of frost contamination on the wing inboard leading edge, which could explain the inward movement of the inboard leading-edge separation. Even small accumulations of frost on the inboard wing leading edge has the potential to change the effective leading-edge radius making it appear to be smaller than designed. As the leading-edge radius becomes smaller, the flow will separate at lower angles of attack. 25, 26 The vortex lift increment associated with the increased extent of inboard wing leading-edge separation is consistent with an increased drag level shift as well as a more nose-up pitching moment (vortex lift increase ahead of moment reference center) observed for the high Reynolds number grouping. Keep in mind that even though frost contamination on the wing leading edge was not observed during any of the testing, it was not due to any negligence in the testing procedures. The standard testing procedure includes multiple high, resolution camera views to monitor the model condition during all operations, including surface conditions. However, it is difficult to see surface changes in small, highly curved, wing leading-edge regions especially with
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The similarity of force, moment, and pressure data trends supports the conclusion that an unconfirmed, systematic bias is affecting the data, but that bias is not Reynolds number dependent. Rather, the bias appears more consistent with a geometric change (smaller effective leading-edge radius). Though clearly having the bias is not desirable, the Reynolds number effects within each group (biased, unbiased) are consistent and observed trends are relevant. As the Reynolds number increases within each group, the drag decrease is consistent with theoretical skin friction reductions. Also, a
Reynolds number increase for this type of configuration produces increased lift and a more nose-down pitching moment that is characteristic of an outward movement of the inboard wing leading edge separation.
Transonic Conditions
The Reynolds number effects for the baseline configuration at conditions near minimum drag are presented in figure 10 . Drag decreased as the Reynolds number increased, and is accounted for by theoretical skin friction drag reduction with Reynolds number. Theoretical skin friction drag for the configuration was calculated in the same manner discussed previously in the Low-Speed, High-Lift Conditions section. In figure   10 , 4. An unknown systematic bias is observed in the force, moment and pressure data for the high-lift configurations. The bias is associated with a non-Reynolds number effect that appears to be connected with some type of inboard wing leading edge change that promotes an inward shift of the inboard wing leading edge separation.
Although not directly observed, this leading edge change is potentially associated with wing leading edge frost contamination. The Reynolds number effects with and without this bias are consistent. 24) using test conditions and inboard leading-edge geometry relevant to the current study. 
